Purpose: There is little data on the effect of intra-arterial therapy (IAT) in acute cardioembolic internal carotid artery terminus (ICAT) occlusion that has poor prognosis. We determined procedural and clinical outcomes in patients with acute cardioembolic ICAT occlusion treated with different methods of IAT. Materials and Methods: On retrospective review of our registry, patients with cardioembolic ICAT occlusion were categorized as thrombolytic-based IAT group (TLG) and thrombectomy-based IAT group (TEG) according to the primary endovascular technique. Subsequently, procedural and clinical outcomes were compared. Results: Fifty-five patients had cardioembolic ICAT occlusion and 18 patients were assigned to TLG and 37 patients to TEG. The rate of complete reperfusion was significantly higher and the groin puncture to reperfusion time was significantly shorter in TEG than those in TLG. There was a trend towards functional outcome at 3 months in the TEG group; however, it was not statistically significant (p = 0.06). Age, baseline Albert Stroke program early CT score and puncture to reperfusion time were factors affecting unfavorable outcome at 3 months, on multivariable analysis. Conclusion: Thrombectomy-based IAT has advantages over thrombolytic-based IAT in terms of the reduction of groin puncture to reperfusion time and improvement of the rate of complete reperfusion.
INTRODUCTION
Acute ischemic stroke with the occlusion of internal carotid artery terminus (ICAT) is associated with a high rate of mortality and poor functional outcome in survivors (1, 2) . Early, complete revascularization of the occluded internal carotid artery (ICA) is essential to improve outcome in this condition (3) .
However, pharmacological treatment using intravenous (IV) or intra-arterial (IA) thrombolysis is associated with lower recanalization rates in ICAT occlusion, mainly because of large clot burden (1, (4) (5) (6) . Additional to the IA thrombolysis, several methods of mechanical clot disruption using microcatheter, microguidewire, balloon or stent are attempted to improve recanalization rates for large vessel occlusions. These methods facilitate pharmacologic thrombolysis by fragmenting the clot and increasing the surface area exposed to lytic agents. Some previous studies showed higher recanalization rates of these multimodal approaches than IA thrombolysis alone, but the clinical benefit is unclear (7) (8) (9) (10) . such as Penumbra System (PS) (Penumbra Inc., Alameda, CA, USA) and stent retrievers (Solitaire FR, ev3, Irvine, CA, USA or Trevo retriever, Concentric Medical Inc., Mountain View, CA, USA) lead to high rate of recanalization and have changed the concept of intra-arterial therapy (IAT) from pharmacological thrombolysis to mechanical thrombectomy (11) (12) (13) .
In our institution, the PS and Solitaire stent have been available since December, 2008 and July, 2010, respectively. These advances provide promising measures toward improving results of endovascular revascularization therapy (ERT). We aimed to compare the results of multimodal ERT approaches based on thrombolytic therapy versus mechanical thrombectomy, in patients with cardioembolic ICAT occlusion.
MATERIALS AND METHODS

Patients
This study was conducted with the approval of our Institutional Review Board, and informed consent from the patients or their legal representatives was waived.
We screened consecutive patients with acute ischemic stroke who underwent ERT at the Seoul National University Bundang Hospital from September 2003 to January 2015. Clinical and radiologic data were reviewed from a total of 614 patients who were treated by ERT for acute ischemic stroke in our medical center. Clinical data included the following: demographic information; time from stroke onset or last normal time to treatment; baseline National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS) score at 3 months. Computed tomography (CT) and/or magnetic resonance image (MRI) obtained before ERT were also reviewed. All the patients underwent stroke MR imaging to select eligible patients for ERT within 8 hours, with the exception of those patients who had contraindication of MRI. Multimodal CT scans (non-contrast CT, CT angiography, and perfusion CT) were performed in patients 1) who presented < 3 hours after symptom onset, or 2) with contraindication to MR imaging. Angiograms were reviewed for the location of the occlusion, clot burden, and reperfusion status after ERT.
Patients were excluded from the analysis if they 1) had not angiographically demonstrated complete occlusion of the ICAT (n = 459) that was defined as the ICA occlusion involving the ICA bifurcation area, 2) had non-cardioembolic stroke (n = 76), 3) had symptom onset to hospital arrival of > 8 hours (n = 16), 4) had an NIHSS score < 4 and no prior neurologic event (n = 2) or ≥ 2 premorbid mRS (n = 6) ( Fig. 1) .
ERT Procedure and the Technical Strategy for ICAT Occlusion
All procedures were performed using femoral artery approach and local anesthesia. 
Outcome Evaluations
Clinical outcome measurement at 3 months after stroke onset included mortality and disability, measured according to mRS score. We dichotomized outcome according to the functional dependency. Patients with a mRS score ≤ 2 were in the favorable outcome (functionally independent) group and those with a mRS score > 2 were in the unfavorable outcome (functionally dependent) group. The complete reperfusion was defined as modified treatment in cerebral infarction (mTICI) grade 2b or 3 and futile recanalization was defined by the occurrence of unfavorable outcome despite complete reperfusion (19) . The reperfusion time was defined as the time interval from the puncture to the final reperfusion with TICI ≥ 2a. Procedure-related complications, such as vascular perforation or arterial dissection, were also assessed. Procedural distal emboli (PDE) into the ipsilateral or contralateral ACA were also evaluated and defined as a new site occlusion distal to A1 segment of ACA.
Symptomatic intracranial hemorrhage was defined as any hemorrhagic transformation seen on the 24-hour CT scan and associated with a decline of ≥ 4 points in the NIHSS score within 24 hours or leading to a patient's death (20) . All other hemorrhages were defined as asymptomatic.
Statistical Tests
The baseline characteristics for the TLG versus the TEG were compared using the χ 2 test for categorical variables and the Stu- 
RESULTS
Among the screened 614 patients, 55 patients with ICA occlusion met the inclusion and exclusion criteria for this study.
Eighteen patients were included in the TLG and the remaining 37 patients were included in the TEG, respectively. The patients' baseline characteristics were summarized in Table 1 . There were no statistical differences in baseline characteristics between the groups. Cardioembolic sources of stroke were atrial fibrillation in 50 patients (90.9%), large patent foramen ovale in 2 patients, cardiac arrhythmia except atrial fibrillation that required pacemaker in 1 patient, ischemic heart disease accompanied by inferior wall akinesia in 1 patient, and prosthetic mitral valve in 1 patient.
In the TLG, pharmacological thrombolysis and mechanical disruption were attempted in all cases. Suction thrombectomy with a guiding catheter was performed in 3 cases in order to decrease the thrombus burden in the ICA; and permanent stenting of the intracranial artery was performed in 3 cases as the final option. In the TEG, reperfusion could be achieved in 12 of 37 cases only by mechanical thrombectomy using PS and/or the Solitaire stent without thrombolytics. Pharmacological thrombolysis and mechanical disruption were also conducted in 9 cases.
One case in the thrombectomy group had permanent stenting that was used as a rescue method for procedure-related arterial Reperfusion was defined as the first visualization of reflow in the internal carotid artery and middle cerebral artery. ACA = anterior cerebral artery, ERT = endovascular revascularization therapy, IAT = intra-arterial therapy, ICH = intracranial hemorrhage, IQR = interquartile range, mRS = modified Rankin Scale, LNT = last normal time, PDE = procedural distal emboli, TEG = thrombectomy-based IAT group, TICI = treatment in cerebral infarction, TLG = thrombolytic-based IAT group (Table 3) . This model included only the statistically significant variables from the univariate logistic regression model.
The optimal cutoff DWI or CBV ASPECTS to predict patients with favorable outcome at 3 months was ≥ 5, with a sensitivity of 79%, specificity of 74%, and an area under the curve (AUC) of 0.835 (Fig. 3) . On excluding 6 patients without DWI, the optimal cutoff was also ≥ 5, with a sensitivity of 80%, specificity of 72.4%, Ten of 55 patients (18.2%) were categorized as a functional T type occlusion and all had an unfavorable outcome at 3 months.
Of these, 5 patients had mRS 5 at 3 months, and the remaining 5 patients died before 3 months. The DWI or CBV ASPECTS were significantly lower in patients with functional T type occlusion than in patients with L type occlusion, although there was no difference in NIHSS at admission between the groups.
In addition, the rate of complete reperfusion was significantly lower in patients with functional T type occlusion than those with the L type occlusion.
DISCUSSION
Our study showed that thrombectomy based multimodal ERT As a result, the baseline ASPECTS ≥ 5 of DWI was predictive for favorable outcomes at 3 months with a sensitivity of 80%, and specificity of 72.4%, respectively. In studies of IV thrombolysis, the cutoff value of DWI ASPECTS was < 5 for a poor clinical outcome and ≥ 7 for good clinical outcome (26, 27) , while the The clinical significance of PDE has been occasionally overlooked in many studies for ERT (19) . Table 4 Our study had some limitations due to its retrospective design. First, the number of cases in both groups was too small to achieve statistical significance regarding the clinical outcome.
Second, as the devices used to remove the thrombus were heterogeneous, we could not assess the efficacy of a single device.
Therefore, further studies are essential to demonstrate which thrombectomy device is more effective and safe for use in recanalization of cardioembolic ICAT occlusion, e.g., the stent retrievers or the PS. Third, we included large proportion of patients with low baseline DWI or CBV ASPECTS, who were not included in the clinical trial. Despite the possible reasons for the high rate of futile recanalization, our study reflected real practice and utilized unbiased sample from target population with acute ICAT occlusion. Fourth, as the TLG was an historical control group, selection bias was inevitable and the devices such as the guiding catheter, microcatheter, and microwire, except for the thrombectomy devices, could not be controlled.
In conclusion, the TE-MERT of cardioembolic ICAT occlusion may have technical advantages over TL-MERT in that the former 1) reduces the time from puncture to reperfusion, and 2) achieves more complete reperfusion. As a result, these technical advantages of the TE-MERT could be expected to achieve a favorable outcome.
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